The Task Support Hypothesis (TSH, Bowler et al. Neuropsychologia 35:65-70 1997) states that individuals with autism spectrum disorder (ASD) show better memory when test procedures provide support for retrieval. The present study aimed to see whether this principle also applied at encoding. Twenty participants with high-functioning ASD and 20 matched comparison participants studied arrays of 112 words over four trials. Words were arranged either under hierarchically embedded category headings (e.g. Instruments-String-Plucked-Violin) or randomly. Both groups showed similar overall recall and better recall for the hierarchically organised words. However, the ASD participants made less use of information about relations between words and more use of item-specific information in their recall, confirming earlier reports of relational difficulties in this population.
There is now a considerable literature that shows that individuals with all types of autism spectrum disorders (ASDs) at times experience difficulties in using semantic aspects of learned material to aid their free recall of that material. Studies of children with classic Kanner-type ASD have shown diminished use of semantic relatedness in free recall O'Connor and Hermelin 1967; Tager-Flusberg 1991) , and similar difficulties have been demonstrated in adults with highfunctioning ASD or Asperger's syndrome (Bowler et al. 1997; Smith et al. 2007 , but see Leekam and Lopez 2003 for contradictory findings). Although the early observations led Hermelin and O'Connor (1970) to conclude that memory difficulties in autism resulted from a failure to encode stimuli meaningfully, more recent evidence suggests that some aspects of semantic relatedness are encoded by individuals with ASD. Children and adults with high and low-functioning ASD show undiminished cued recall when superordinate category cues are used (Boucher and Warrington 1976; Minshew et al. 1992 ) and adults with high-functioning ASD are susceptible to semantically induced memory interference effects (Bowler et al. 2006) . In addition such individuals are subject to the DRM memory illusion effect (Deese 1959; Roediger and McDermott 1995) , in which a list of strong associates of a non-studied word is learned. At later test, most studies have shown that the non-studied associate is recalled or recognised, indicating awareness of the associative structure of the studied list (Beversdorf et al. 2000; Beversdorf et al. 2007; Bowler et al. 2000) , although Beversdorf et al. (2000) have reported enhanced discrimination of the nonstudied item.
The question raised by the pattern of results just described centres on why semantic or associative relatedness should be encoded by individuals with ASD, yet not be available to enhance performance on tasks such as free recall. One possible explanation centres on the Task Support Hypothesis (TSH), developed by Gardiner, Bowler and colleagues (Bowler et al. 1997 (Bowler et al. , 2004 . The TSH attempts to account for the patterning of memory performance seen in ASD across different kinds of memory test. People with ASD tend to show diminished performance on memory tasks when unsupported test procedures, such as free recall are used but when supported test procedures, such as recognition or cued recall are used, there is less evidence of diminished performance (see Bowler and Gaigg 2008 for a review) . This pattern also holds for incidentally-encoded material and has been shown to account for inconsistent findings regarding source memory in ASD (Bowler et al. 2004) . Most important for the current context, however, is the finding that individuals with ASD seem to be able to draw on semantic relationships to facilitate their performance on tests of recognition but not on tests of free recall (Bowler et al. 2008a) .
Although there is strong evidence in favour of the TSH at the level of retrieval, the question remains about whether the hypothesis can be extended to encoding. compared the effects on free recall of sorting words into categories versus rating their pleasantness and found that these orienting tasks improved free recall by adults with ASD and typical development by a similar margin. Similarly, recently found that individuals with ASD exhibited typically enhanced memory for semantically related versus unrelated words that were encoded through a pleasantness rating task. By contrast, no improvements in recall were found to result from instructions in which participants were told how to rehearse items from categorised lists (Smith et al. 2007 ). On the basis of these findings, it appears that individuals with ASD need to be given more than just instructions about the categorised nature of the studied material in order to profit from support at encoding. It would seem that they need to engage actively with the study material. The somewhat inconsistent findings on memory for categorised information described above may be resolved with reference to the psychological processes involved in learning semantically related groups of words. Memory phenomena that are produced by inter-item associations (such as memory illusions) involve a less complex level of awareness than those that stem from organisation of items into hierarchical categories (see Bowler and Gaigg 2008; . On this distinction, differential performance across experiments can be accounted for in terms of the relational complexity (Halford 1993 ) of the tasks. Individuals with ASD have a tendency to engage in item specific rather than relational processing of studied items in memory tasks and this processing bias seems sufficient to allow them to make use of inter-item associations of a non-hierarchical kind. Thus when they encode a series of related items, they tend to process inter-item relations on the basis of already stored knowledge about each item but not on the basis of more complex frameworks that also make use of how inter-item relations themselves relate to higher order categorical groupings.
It is also possible that the single trial procedures that have characterised most of the published investigations to date may be insufficient to make ASD participants aware of semantic relations in the way that they might do if they were required to study the same list several times over. Up to now, there have been few attempts to study the evolution of free recall of the same list of items over successive learning trials. Two studies have utilised the California Verbal Learning test with HFA adults (Minshew and Goldstein 1993) and adolescents (Bennetto et al. 1996) . This test requires participants to learn a list of 16 words from four categories over five consecutive trials. Both investigators found diminished recall on later trials and Minshew and Goldstein also found diminished clustering of items by category at recall in the ASD group. Bowler et al. (2008b) adapted a procedure developed by Tulving (1962) in which participants with and without HFA were asked to free recall a list of 16 unrelated words over a series of 16 trials with the words presented in a different order on each trial. Bowler et al.'s results showed among other things marginally diminished recall by the HFA participants compared to a typical comparison group, thus demonstrating that the HFA group continue to experience difficulty in free recall learning.
Given that the free recall by people with HFA of both categorised and uncategorised lists improves more slowly over trials than that of comparison participants, the present investigation was designed to test the hypothesis that free recall learning of categorised sets of items would be enhanced by providing support at encoding. This was done by explicitly highlighting the hierarchically categorised structure of the studied material. We employed a procedure developed by Bower et al. (1969) in which participants were asked to study the same set of 112 words presented for 3 min on four consecutive trials. The words consisted of category labels (e.g. minerals, vegetables), sub-category labels (e.g. metals, further sub-divided into rare, common, alloys) and exemplars (e.g. platinum, iron, amalgam). The set of words to be studied was presented either in a layout that emphasised the hierarchical, categorical structure of the set, or in the same layout as the hierarchical list but with words distributed randomly, irrespective of whether they were category, sub-category or exemplar labels. At the end of each 3-min study period, participants were asked to free recall as many of the items as they could. Bower et al. (1969) found that recall rates improved over trials and that organisation at study increased participants' overall recall rates. Our aim was to see if provision of explicit clues to the hierarchical structure of the studied material would improve the free recall of individuals with ASD over trials, and whether the rate of such improvement was similar to that of typical comparison participants. In view of the documented differential operation of item-specific over relational processing in ASD, we also proposed to examine these processes quantitatively using Category Access (CAcc) and Items per Category (IPC) measures that are generally agreed to reflect relational and item-specific processing respectively (Burns and Brown 2000; Hunt and Seta 1984) . CAcc is defined as the number of categories from which participants recall at least one item, whilst IPC is defined as the average number of items participants recall from each of these categories. On the basis of existing research (e.g. , we would predict higher IPC and diminished CAcc in the ASD sample. There is also the possibility that the strong hierarchical clues provided in the present study would yield an increase in CAcc in the ASD group. Our question is whether the free recall performance of individuals with ASD would improve to the same extent as that of matched typical individuals in both structured and unstructured presentation.
Method

Participants
Twenty individuals with ASD (4 female, 16 male) and 20 typical individuals (4 female, 16 male) participated in the current experiment. ASD and comparison participants were individually matched to within 7 points of verbal IQ as measured by the third edition of the Wechsler Adult Intelligence Scale (WAIS-III UK ; The Psychological Corporation, 2000) and groups did not differ in terms of their chronological age, performance IQ or full-scale IQ. The relevant data for these group characteristics are set out in Table 1 . Participants with ASD were diagnosed according to conventional criteria and a review of available medical records and/or assessment with the Autism Diagnostic Observation Schedule (ADOS; Lord et al. 1989 ) confirmed that all met DSM-IV-TR (American Psychiatric Association 2000) criteria for an Autism Spectrum Disorder.
Participants comprising the typical comparison group were recruited through local newspaper advertisements and included in the current study only if they were free of psychotropic medication and did not report any family history of neuropathology or psychiatric illness. All participants gave their informed consent to take part in the experiment and all were remunerated standard University fees for their participation.
Materials and Design
Following Bower et al. (1969) , the experimental materials for the current study consisted of two sets (Set A and Set B) of four conceptual hierarchies, which were generated by representing the hierarchical nature of conceptual categories in the form of hierarchical trees. An example of one of these trees is shown in Fig. 1 . As illustrated in this example, each hierarchy consisted of 4 levels of category specificity. Level 1 always consisted of a single superordinate category label, which included minerals, instruments, vegetables and insects for Set A and buildings, plants, arts and industries for Set B. Levels 2 and 3 represented category labels of increasing specificity and Level 4 consisted of exemplars for each of the Level 3 categories. Although the precise structure of the different hierarchical trees varied somewhat, each hierarchy included five sets of category exemplars at Level 4. All but one of the categories consisted of 28 words in total with the remaining category (i.e. Insects) consisting of 27 words. Thus in total Set A consisted of 111 words, whilst Set B consisted of 112 words. The principal aim of the current experiment was to evaluate the extent to which structured presentation at study could enhance participants' recall of displays of hierarchically-organised words. For this purpose participants were presented with one set of conceptually organised hierarchies and one set of randomly constructed hierarchies. For the conceptually organised display, the four hierarchies within a set were displayed in four quadrants of a PowerPoint slide (Microsoft Office, 2003) with the conceptual relations of items within each hierarchy left intact (i.e. as shown in Fig. 1 ). For the random display, words were presented in an identical hierarchical format but the positions of words were randomised across the four hierarchies and across the four levels of the hierarchical trees (obvious conceptual relationships among proximal words were avoided, see Fig. 1 ). Words were presented in white Arial font on a black background and in order to facilitate visibility of the words, the materials were projected onto a plain white wall approximately 2 metres in front of the participant. The resulting displays measured approximately 1.7 9 0.9 m (46°9 25°of visual angle) with each hierarchy occupying an area of about 70 9 40 cm (20°9 11°of visual angle). The resulting font size subtended approximately 2.5°of visual angle.
Procedure
Participants were tested individually in a sound attenuated laboratory dimly lit by a fluorescent desk lamp. For pilot purposes we measured participants' eye-gaze throughout the experiment, which required them to wear a headmounted eye-tracker (RK-726 PCI Pupil/Corneal reflection tracking system; ISCAN Inc. 2001) consisting of a baseball cap equipped with 2 unobtrusive cameras. Following the set-up and calibration procedures for the eye-tracker, participants were involved in conversation for approximately 5-10 min in order for them to adjust to the equipment.
During the memory experiment participants were asked to learn both sets of hierarchies over four successive trials each. The first set of hierarchies to be memorised always consisted of the randomised display of either Set A or Set B whilst the second set of hierarchies consisted of the conceptually organised display of the other set. Sets A and B were counterbalanced across the randomised and conceptually organised display conditions but the order of testing (i.e. randomized before conceptually organised) was fixed in order to avoid alerting participants to the hierarchical nature of stimuli for the randomized displays.
Participants were informed that during the experiment they would be asked to try to remember a set of about 100 words over four successive trials. They were told that on each trial the words would be projected onto the wall all at once for 3 min and that after each trial they would be required to say out loud as many words as possible. It was explained that following a break the entire procedure would be repeated with a different set of words. No mention was made about the categorical nature of the stimuli or the hierarchical format of the displays. Once participants understood what they were asked to do the hierarchical displays were presented and participants' oral recall was recorded for later analysis.
Results
The veridical recall data (proportions of total words studied) for the ASD and comparison group over the four trials of the random and conceptually organized display conditions are set out in Fig. 2 . A 2 (Group; ASD vs. Comparison) 9 2 (Display; Random vs. Organized) 9 4 (Trial) mixed ANOVA of these data revealed main effects for Display (F(1,38) = 78.09, p \ .001) and Trial (F(3,36) = 147.40, p \ .001; Greenhouse-Geisser correction) indicating that performance was better for the organized (M = 0.44; SD = 0.21) as compared to the random display (M = 0.26; SD = 0.13) and that all participants' performance improved over trials. The results were furthermore characterised by a significant interaction between the Display and Trial factors (F(3,36) = 19.80, p \ .001; Greenhouse-Geisser correction). Post hoc analyses revealed that this interaction was due to a significantly bigger increase in items recalled over successive trials during the organised (M = 0.11; SD = .06) as compared to the random display condition (M = 0.07; SD = 0.04) (t = 5.39, df = 39, P \ .001). Finally, the analysis revealed a marginal effect of Group (F(1,38) = 3.75, P = .06) with poorer performance in the ASD (M = 0.30; SD = 0.18) as compared to the comparison group (M = .39; SD = .12) (Fig. 2) . Fig. 2 Proportion of words recalled from the random (rand) and conceptually organized (org) displays over trials as a function of group As indicated in our introduction, we have recently suggested that the memory difficulties characterising individuals with ASD stem from relatively specific problems with relational but not item-specific memory processes . In order to test this hypothesis in relation to the current experiment we computed the CAcc and IPC measures, which are widely thought to reflect relational and item-specific memory processes respectively (e.g. Hunt and Seta 1984; Burns and Brown 2000) . In the current paradigm these indices of relational and item-specific processing can be computed at each of the three levels of category specificity (the fourth level of each hierarchy represents category exemplars and not another sub-category). Since the pattern of significant effects and interactions was similar across the three levels and because ceiling effects were most marked for measures derived from Level 1 and 2 of the hierarchies, we only present results from a detailed analysis of CAcc and IPC scores derived from the third level of the hierarchies. Nevertheless, the CAcc data from the first trial of Level 1 are worth describing briefly. Ninety per cent of typical participants recalled at least one item from each of the four hierarchies when these were presented randomly and 70% when they were presented hierarchically. The respective percentages for the ASD participants are 60% and 30%. 1 The number of individuals who reported at least one member of a Level 1 hierarchy on Trial 1 was significantly different between groups both for organised presentations (t = 6.24, df = 1, p \ .05) and for random presentations (t = 4.68, df = 1, p \ .05). These data parallel those from earlier single-trial studies of relational encoding in ASD (e.g. .
Proportion of Words Recalled
At the third level of hierarchies participants could recall a maximum of 20 categories (5 for each of the 4 hierarchies) and a maximum of 5 words per category (the level 3 label plus 4 exemplars). As is the convention, we report the respective CAcc and IPC data as proportions of these maxima. Table 2 sets out the Level 3 CAcc and IPC data as a function of group, display type and trial. A 2 (Group; ASD vs. Comparison) 9 2 (Display; Random vs. Organized) 9 4 (Trial) mixed ANOVA of the CAcc measure revealed main effects for Display (F(1,38) = 4.79, p \ .05), Trial (F(3,36) = 167.80, p \ .001, Greenhouse-Geisser correction) and Group (F(1,38) = 9.32, p \ .01) but no significant interactions between the factors. These results reflect superior category access for the organised versus the random display condition and superior category access on successive trials. The main effect of group reflects the fact that ASD participants recalled overall fewer categories than comparison participants, reflecting the findings from the first trial of Level 1 described above. The lack of any interactions involving the group factor (all Fs \0.5) suggests that the meaningfulness of the conceptual organisation of stimuli as well as their repeated presentation facilitated category access in both groups by a similar margin. As for the IPC data, an equivalent analysis also revealed main effects for Display (F(1,38) = 162.33, p \ .001) and Trial (F(3,36) = 47.08, p \ .001, Greenhouse-Geisser correction) again reflecting superior performance on the organised versus the random display condition and on successive trials. Unlike the results from the analysis of the category access measure, however, the group factor yielded no main effect (F(3,36) = 1.44, ns).
Finally, to rule out the possibility that the findings reported above might have resulted from between-group differences in intrusions or repetitions, we assessed whether groups may have differed in terms of falsely recalling words that they had not actually seen. Overall, such intrusions were relatively rare with the ASD group producing an average of 1.95 (SD = 2.26) new words over the four random display trials and 4.00 (SD = 3.97) new words over the conceptually organised trials. The respective numbers of intrusions for the typical comparison group were 2.40 (SD = 2.62) and 3.70 (S.D. = 3.85). Thus, whilst the number of intrusions was significantly higher for the conceptually organised than the random display condition (F(1,38) = 10.79, p \ .01), groups did not differ in this respect (F(1,38) = 0.01, ns). Equally we found no differences between groups in terms of how many times participants repeated certain words during any given trial (F (1,38) = 0.31, ns). The ASD group repeated on average 8.65 (SD = 8.96) words per trial during the random display condition and 6.70 (SD = 5.26) during the conceptually organised display condition whilst the respective values for the typical comparison group were 8.85 (SD = 6.76) and 8.85 (SD = 8.95). The analysis of these data also revealed no significant differences between the random and conceptually organised conditions (F(1,38) = 0.65, ns).
Discussion
Our results confirm our hypotheses that individuals with ASD would show lower free recall and diminished CAcc scores when compared to typical individuals. These findings replicate and extend earlier work on multi-trial free recall learning in individuals with ASD (Bowler et al. 2008b; Minshew and Goldstein 1993) . The absence of differential effects of display organisation on recall for the two groups supports our conjecture, based on the TSH, that the ASD and comparison participants would benefit to an equal extent from the hierarchical presentation of some of the lists at study. However, the observation of diminished CAcc in the ASD group together with a similar rate of increase in these scores over trials for the two groups shows that the ASD participants, although less likely to organise their recall around the categorical structure of the studied items, nevertheless appear to benefit from the presence of such structure over trials. In this respect, the findings replicate those of , who showed that individuals with ASD, although more likely to engage in item-specific processing of studied material, benefited from an orientation task that emphasised categorical, relational encoding. The findings discussed so far extend the application of the TSH from retrieval to encoding, but a closer inspection of the findings shows that overall recall improvement over trials may have resulted from the operation of different processes in the two groups of participants. In particular, the absence of a group difference in the IPC measure, coupled with its presence in the CAcc measure, suggests that the ASD participants are relying more heavily on itemspecific rather than relational processing to aid their free recall. This finding is in line with other studies that show diminished relational processing in this group (Bowler et al. 2008a; . It might also help to explain why studies that simply provided information at encoding about the categorical structure of the study list (Bowler et al. 2006) or on how to use this information when rehearsing studied material (Smith et al. 2007 ) did not show enhanced recall.
The support provided by the present findings to the hypothesis that memory difficulties in ASD are the result of difficulties in the relational processing of material further strengthens the view that individuals with ASD have difficulties with the processing of relationally complex information . Moreover, relational processing underlies a range of memory phenomena such as source memory, episodic remembering and enhanced recall of categorised lists, all of which have been shown to be diminished in individuals with ASD (Bowler et al. 1997 (Bowler et al. , 2000 (Bowler et al. , 2004 . The fact that these difficulties are more in evidence when unsupported test procedures are employed leads us to conclude that even when clues to the relational nature of the studied material are provided at study, as in the present investigation and in that of , recall difficulties still remain evident in this group, suggesting that although task support can enhance performance, it may do so by promoting patterns of processing that are particular to individuals with ASD and which continue to yield diminished performance in that group.
When considered alongside the results of earlier studies (e.g. Smith et al. 2007 ), the findings reported here have important implications for the design of programmes of instruction for use with people with ASD. Care should be taken to ensure active involvement at study when elements of the learned material have to be organised into higherorder structures. Similarly, in circumstances where the learned material is to be utilised, attention needs to be focused on the provision of adequate clues to the relevant higher-order aspects of the information.
